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© Barrier blends based on amorphous polyamide and on ethylene/vinyi alcohol copolymer. 

© A biend consisting essentially of a major portion of an amorphous polyamice ^^f^f 
eihvlene vinyl alcohol copolymer exhibits gas barrier properties which are less dependent on "^"^f ty .han ^^^^^^ 
those of elthir of the component polymers. F.ims and laminated structures which .corporate the matenal of 
these blends are suitable for use as packaging materials. 
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BAHRmR BLENOS BASHO OM AMORPHOUS POLVAM.O^^^^ ETHVUHN^.NVL ALCOHOU UNAPPHCTEO 



BY HUMIDITY 

BACKGROUND OF THE INVENTION 



" 9^^^^" .• .■ „ Aan^ rii<!rlosss a blend of ethylene vinyl alcohol copolymer (EVOH) 

Japanese patent =PP''f ■° ,onta^^^ percent copolymenzed ethylene. 

additional functional groups." Exemplified are blends o "V*" ^ and EVOK ^ ^ 

Po^mides ..ich 

are — ^-^^^^^^^^^ of .after useful - -"^j"- "^rT;^^^^ 

and 1-65% EVOH. Nylons with melting points greater than 175 C are preferred. s«ch as nylon ny.on 

U. 3.4,500.577. Maruheshi et ^^^^ ^,^'1-:^^^^^ 
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BRIEF SUMMARY OF THE INVENTION 



JO 
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the individual resins. I 2rt, and refers to polymers 

The terr,, "amorphous polyam.de- ,s well 9 1 and 12. (or examp.e, are crystalline 

distinct from the crystalline or --'-'^'^'''^..^J;" j 3 \ ; '^f course, that such semicrystal- 

, following diamines: hexamethylenediamine, 

;jrr,T*r^~i— ^^^^^^ - - — - 

5 phenylenediamine and p-phenylened,amine. amorphous polymers prepared from the 

easily be done by DSC. ,,:„h«ir diacids are the traditional semicrystalline 

,0 Polyamides prepared from aliphatic d.am.nes wuh ^^Pj'^^^ ^f^^^^^^^ 3,,„a,ic diamines and 

nylons and are therefore not a part o, th,s '-r,^'"; .^/^^ are known to be 

aromatic diacids are also known. However, certa^o 'J^/ s,i,ab,e. Thus the 

intractable under ordinary melt processing ^"f .^r 

preferred amorphous polyamides are those .n '"'^•'^^Vt^^l oolvTmTes preferabiy contan 4-8 carbon atoms 
.a the other moiety is aliphatic. The ^liP-''^'""^^ Toe aromatic groups of the 
'::.,;^^ir;reTerSt^^^^^^^^^^ rr^m^'ich may contain aliphatic substi.en.s of up 

'° "Sc^icrmr 0. PCyamldes which are sui^le '^^^^j^^^ "^""'"^ 

« isoph.halar.ide. hexamethy.en^i^ine ^^;;^^^lX^'^:!T:T f^ of Z2.1 and 2.4,4.tr- 

isophthalic-terephthalic moiety ratios of lOO/Q to ou . and 2-methylpen- 

imethylhexamethylenadiamine acids. Polyamides based on 

==dS;iL;::p^a=r:^s^ 

Srou: pXr r:s\d '=yC» — :i.hin its mean,ng terpolymers and 

higher polymers, which is common usage.) ,„„nnnmers minor amounts of lactam species such 

The above amorphous polyamides may tic or aromatic dicarboxylic acids 

as caprolactam or lauryl lactam, or -^'^xylylene diamme r o*er a.H=ha,,c or a^^^^ ,^ ^^^^^^^ 

so or diamines, even though PO'V-rs based on t^^^^^^^^ ,,,p„3,i<,„ ,3 a whole 

properties with increasing hum.dity. The important feature is '"^t t P / ^^^3^ 
^.s't show improved barrier performance ^^^'^^^^^^ Sl.y ""finish this property 0. the 
comonomers may be incorporated as long as ^I'J^" „ ,o„ s. nylon 56, and the.r 

polyamide. Similarly, small amounts of ^f'^'^'^'f ^^^T po ymer such as polyesters, polyethers. 

as copolymers, or metaxyly.ene *am,ne ad.pamide. ^ ^^^^J ^^^^.^^ ,,at the polyamide 

polyolefins, and the lil^e, may be ™ humidity. 

^^rlTp^eirdt;^^^^^^^^^^^ hexamethylenedlamme and iso-and 
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.e.ep.m^ic acid having isopmha,ic...ereph..an= -oiaty ratios 0, ^^^-f^^X^ T^s'^X 
hexamethylenediamine. Z-methylpentamethyienediamme and -so- and terepnmai.c 

aod aSd all m"e^*l' .end to have a T, w.ic. Is too high to per.it mei. process.g, and are thus 

normally unsuitable for the purposes of this invention. . ^ » , .honiri that necessary to 

The molecular weight of the polyamides is not particularly limited, but .t should be that necessary to 

generaty have a density of ..17 to 1.19 g.cm^. but compositions containing minor amounts 0. other 
"^rrmorp^horpSramld^^ invention are prepared by condensation polymer.a.ion. 

. ""'"^i Srh^rir utefuMn thi: "ention include resins having a copolymenzed ethylene content 
of about 0 to about 60 mole %. preferably about 20 to about 60 mole and especially about 25 .0 abou 
?n mniP »' C^oo^^mers of less than about 15 to 20 mole % ethylene tend to be difficult to extrude without 
p asTi izer'w^ Tse abl r bout 60 or 65 mole ethylene have reduced oxygen 
Se po y^ers will have a saponification degree of a. least about 90%. especial y a. ^ f 

:o Vinyl alcohol polymer may include as a comonomer other olefins such as P'^^V'^^; "i^'^^^-^J^^'^^^^^^ 
or lmethylenoentene-1 in such an amount as to no. change (he barrier properties °' 
in an amount of up to about S mole »'a based on the total copolymer. It is generally obser/ed that >he higher 
he vi ^a. hi, cV^^^^^^^ Of the resin, the better the barrier properties a. low '-^<^:^^^Z^ 
barrier properties at high humidities. The melting points of ethylene vinyl alcohol polymers having at 

,5 about 20 mol % copoiymerized ethylene are generally between about 160 and 190 C. 

Ethylene vinyl alcohol polymers are normally prepared by copclymerization c ^'^'^^^ "'"^^'"J 
acetate'followed by hydrolysis of the vinyl acetate component to give the vinyl alcohol group. This process 

"TadZrto'etylene vinyl alcohol copolymers, polyvinyl alcohol ,PVOH, i.seif 
.0 advintaoeously be used. In order to be melt procsssable. PVOH must be suitably plast.cized. or example, 
^.h T plast ozer selected from the group of ethylene glycol, die.hylene glycol, trie.hylene g ycc . 
Diethytere gwco. glycerol, pentaerythritol. and the like. Use of about 3 to 11 percent tne.hylene glycoL 
^^!TTL <^eM oUhe PVOH has given suitable results. Use of too little plasticizer does not provide 
Xroc'ssaS use of'S much results in detenora.ion of Physical properties, including barrier 

^''^i:^:'^::z::sZ 7ZJ:^::i::^vzrLu. . amorphous poiyam .e 

desc?bed abo^e, to form a continuous phase, and a minor amount of the f^O" P0lymer_ Norma^^^^^^^^ 
5% to about 50-O EVOH will be blended with the amorphous polyam.de. Below about 5'-o EVOH there is no 
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3lgn,.ican. change In the properties comP-<^ Zo'-V^^^^^^^ 

properties of me biend are similar to those o. ^^e" red an^^^^ is little or no change in barrier 

tz^sX^ ^^"^ 4— °' 

X^such as fillers or other materials ,.ayadc««on^^^^^^^^ advantageous, providing a 

Addi«on of mica to the compos, ion has ^een Lvantageously contain up to 

significant reduction in the permeability of *^ ^ ^^ difficulties in processing may arise, 

about 20 weight percent or more mica. ^^'^ ' , „|„ is about 13 to about 23 percent 

depending on the particular equipment used A P^f/'^^^.^^^'KlwAlko.,), or Phlogopite mica. KMg,- 
by weight The mica used may be. for -^"^P'^' ^oe era^^ ^^^^ P'atelets having a higher 

(AISi30,o)(OH).. Muscovite mica IS ^'^^"^^^^^^ ^^^.'^^^ uniform distribution within the 

aspect ratio. The platelet size of the mica shou d be small ,n ^^^^ micrometers) and 

blend. Ninety-five percent of the particles "^f^" ''^^^^^^^^^ 

preferably at least 90% smaller than 325 mesh ^ 7^f: g^.^eraged ratio of the equivalent dis. 
400 mesh (38 micrometers). The ^'^ ^ ^^'^^'^I'Va preferred range 'oeing 20 to 150. « is believed 

^^^^^^-Z aslrur r trptL comparable improvement in OPV provided 

U,ey have similar P^V^i"' f .esins. which may be formed into a nim. The melt 

The invantton provides a men oieuu w " . 
Wend!:V-d film formation may be done on conven^^^^^^^ ^, ,3 ,,,3tantial,y 

Alternatively, the invention can "f^^ — g'^'n. Tnis layered or laminar structure can be 
amorphous polyamide. and one of -"'^"^ 'f,!""^^^, f„^3 o, the two components, or coextrus.on of 
produced by any suitable method such as '^^"f °" °' J:;"^, ^e by either a batch or continuous 

le resins using readily ^^^"^^^'^^ ^''^ " Jin 'con^^^^^^^^^^^ used to produce 

process, and the coextrusion can be '^''^^^ "^'"f =°"'^"^3i^^^^^^ and feed block system, A multilayer 
multilayer sheet or film using a flat single or 7"'^/™'°^^^^^^^^ ^„fi,ayer film. For some applications 
structure can also be produced using a circular die .o produc bio y ^^.^^ 

30 it may be advantageous to use a laminated different proportions. At least one 

rmaTrmi: Lr.o::s7orre am^cu. Of .VOH. and at least one layer may be 

35 components must be correctly f ^/j" ^ ^/.r 1 rjctures should comprise 5-50 weight % 

an analogous fashion to the simple J/' total of EVOH and amorphous polyamide. 

EVOH and 50-95 weight % amorphous vamKJe.^ased on tne to 3, 

Preferably there will be 10-43 --^'S^' ^ S'°"^t amoLous polyamide, based on the total of EVOH 
preferably 25-40 weight % P^OH and 60-75 weigh . ^"^"^"""^ P°J,^.,,, 3^,,p,ous polyamide and 
nd amorphous polyamide. For laminates that the total thickness of the 

unmixed EVOH, this ^^'^^^^^^^^^ e/OH layer(s, be described by the above 



so moisture barrier layer. 
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other extreme, the OPV of neat ^''U" '""J comoaraUve examples CS-C9 show the effect of humidity on 

polyam.de and 4 and 5,. „ is seen from this data that for compositions 

Sorrarp^mirrssreV^^^ - esLla„y constant as humidity changes. 
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TABLE I 





Polyamide^: 


EV0H2 : 


Add've^: 


Ex ■_ 












CI 


100 




0 




0 


C2 


100 




0 




0 


T 
X 


80^ 


A/ 






0 




70 


A, 


30 




0 




70 




30 




0 


A 
*t 


60 


A/ 


40 




0 


O 


60 


TV 


40 




0 


g 

w 


60 




40 




0 


•T 
/ 


79 


A/ 




A, 


1 


o 
O 


79 


A/ 


20 


A, 


1 


Q 


79 


A/ 


20 


A, 


1 


xu 


69 


A/ 




A* 


1 




69 


A, 




A. 


1 




69 


a. 

A, 


30 


A# 


1 


X J 


69 


A/ 


30 


A, 


1 




70 




20 


6, 


10 




70 




20 


Br 


10 


16 


60 


B. 


30 


B, 


10 


17 


60 


B. 


30 


B, 


10 


18 


60 


A. 


30 


Br 


10 


19 


60 


A, 


30 


Br 


10 


C3 


0 


A, 


100 




0 


C4 


0 


A. 


100 




0 


v.* J 


1007 




0 




0 


C6 


100*7 




0 




0 


C7 


looQ 




0 




0 


C8 


lOOS 




0 




0 


C9 


1008 




0 




0 



Film Rel* 

Thick. Hum. 0Pv5 

lailsi ^ JMll 

1.05 0 1-34 

1.06 83 0-61 
4.30 0 0.91 
3.58 80 0,66 
3*50 0 1.20 
3,27 30 0.24 
3.27 0 0.051 
4.34. 0 0.056 
2.33 81 0.48 
3.70 80 0.48 
3.70 0 0.85 
1.91 81 0.37 
4.15 81 0,40 
1,91 0 0.69 

4.15 0 0.62 
3.68 77 0.48 
2.62 0 0.72 
2.72 77 0.35 
3.84 0 0.7^ 

3.16 77 0.40 
4.15 0 0.76 
0.56 0 0.005 
0.56 80 0.080 

0 1.610 
81 4.64 

0 2,1 
79 3,63 
4,06^ 
100 9.761 
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Table I (continued) 



1. All examples used a copolymer of 
hexamethylenediamine with 30 % terephthalic acid and 
70 % isophthalic acid, IV 0.32, except as noted. 

2. Types of EVOH: A: A vinyl alcohol 
copolymer containing 32 mole % ethylene, melting point 
181'C, melt index = 1.3 to 4.4 (ASTM D-1238) , densxty, 

B*:^\^Cinyl alcohol copolymer with 29 mole % ethylene, 
melting point 189 'C, melt flow at 210 'C - 3 to 7 
(ASTM D-1238), density 1.21 g/cc, 

3. Types of additives: A: 
gamma-aminopropyl triethoxy silane B: Nylon 66/6 - a 
copolymer of 85 parts 66 nylon and 15 parts 6 nylon, 
relative viscosity - 55, melting point = 225-C 

4. 1 mil = 0.0254 mm. 

5. oxygen Permeation Value in cc-mm/m2-24 
hr-atm at 30' C. (Original data measured in units of 
cc-mil/lOO in2-24 hr-atm, converted by multiplying by 
0.3937.) 

6. The polyamide used was a tetrapolymer of 
86 parts by weight of units of polymer from 
hexamethylene diamine and isophthalic acid, 29 parts 
by weight from hexamethylene diamine and terephthalxc 
acid, 2 parts by weight from bis(4-aminooyclohexyl) - 
methane and isophthalic acid, and 1 part by weight 
bis(4-aminocyclohexyl)methane and terephthalic acid, 

IV = 0.75. 

7. The polyamide used was nylon 6, m.p. 

223'C 

8. The polyamide used was nylon 66, 
relative viscosity 55, m.p. 269*C. 

9. Duplicate measurements. 

10. Measured at 23 'C. 

Examples 20 and 21 illustrate laminates '-vhich were prepared by melt pressmg a film =' ^^OH |:et«een 

the neat comoonents 
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5 


Example 


Resins 


Structure 


Layer 
Thickness.mil 


R.H..% 


OPV 


20 
21 


polyamide 
EVOH A 
polyamide 


outside 

inside 

outside 


2.0 
0.5 
2.0 


79 
79 


0.28 
0.33 


same compc 


jsition as example 20 



TO 



15 



20 



25 



1 T.rmP have the same meanings as in Table !■_ 

..vas Muscovite mica of a size su.tacle '° 'J°,;^'°^^,, „ese examples, the polyam^e was a 
Mean Corporation. Tne talc was 9'^°^^^ 'J-J°^XlH^ acid and 70% isophthalic acid. IV 0.82, except 
copolymer of hexamethylened.am.ne w,,h 30 terepnWalK: a compositions of Examples 27- 

nat ,or Examples 44 and 45 a --P-^^^^^l' ^J'i'uder using a screw configuration with low she. 
33 were prepared by blending on a 53 '^"'^^"l"^^ l^V^tv,^' for the blends filled with m.ca. At these 
mixing at 45 kg/hour for the ""^-I'^Vl C werf^^^^^^ The composiUons of the Examples 22 - 

extrusion rates melt temperatures of about 245 ^ "ere^^i^^^ ,c,ew extruder under comparable 

26 43 and 44 were prepared by '"^"f '"5^:,*^";%°,';;^',°, 46 and 49 were prepared by using a small 
conditions. The compositions of Examples 30 . 43a^^^^^ ^^^^ ^.^ .-.ttie or no 

batch mixer. Rims were prepared ^'f ^'^^ processes. OPV measurements were made at 

difference in prooerties was observed between P ^ g units as in Table I). 

Sve humidity of about 80 percent. ^"^1 are '1 t n an mprovement in the OPV by about 

\ can be seen from the results that the add^«on o jl s , 

; p^orri^:;^— ^ - - °' ^ 

improved barrier. 
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TABLE III 





Polyamide: 


EVOHI: 


Add've: 


Thick. 


0PV2 


Ex. 


* 


TvT»e 




TvDe. 


^ 


mils 


80% RH 


22 


65 


A 


35 




0 


3.38 


0.37 


23 




A 


m 




m 


1.39 


0.35 


24 


53 


A 


29 


Mica, 


18 


4.98 


0.13 


25 


0 


A 


m 


m 


m 


2.12 


0.20 




m 


A 


m 


m 


m 


2.71 


0.18 




65 


A 


35 




0 


3.85 


0,23 


28 


tf 


A 


m 




m 


0.67 


0.26 


29 


m 


A 


m 




m 


1.15 


0.17 


30 


57 


A 


30 


Mica, 


13 


2.23 


0.14 


31 


m 


A 


m- 


m 


m 


3.79 


0.15 


32 


m 


A 


m 


m 


m 


3.72 


0.13 


33 


m 


A 


m 


m 


m 


0.76 


0.14 


34 


60 


A 


20 


m 


20 


4.31 


0.34 


35 


68 


A 


12 


m 


m 


3.36 


0.21 


36 


50 


c 


50 




0 


3.93 


0.29 


37 


56 


C 


24 


Mica 


20 


6.30 


0.09 


38 


65 


B 


35 




0 


3.74 


0.30 


39 


m 


B 


m 




» 


6.33 


0.21 


40 


52 


B 


28 


Mica 


20 


3.03 


0.13 


41 


65 


0 


35 




0 


3.40 


0.25 


42 


56 


A 


24 


Talc 


20 


4.34 


0.24 


43 


64 


A 


16 


m 


20 


3.88 


0.23 


44 


55 


A 


15 


Mica 


15 


3.05 


0.14 


45 


57 






Mica 


13 


4.31 


0.14 


A. f\ 


79 


PVOH 


27 


TEG 


3 


5.35 


0.48 


47 


69 


PVOH 


30 


m 


1 


2.47 


0.45 


48 


55 


PVOH 


24 


TEG 
Mica 


1 
20 


3.13 


0.20 


49 


55 


PVOH 


23 


TEG 
Mica 


2. 
20 


4 

5.63 


0.09 
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(Table III, continued) 



15 



20 



1 EVOH types A and B are the same as in Table I. 

C is a copolyner containing 44 mol % ethylene. 

D is a copolymer containing 38 mol % ethylene. 

PVA is polyvinyl alcohol, used with triethylene 

glycol (TEG) plasticizer as an additive. 2. m 
co-mm/m2-24 hr-atm, measured at 30'C. 

, ,r.A (-11 in Table IV oreoared with the sams materials as 

Example 50 and Comparative Samples ^ O^,-^^ ^'" J^^^^^^^ 20 or more when the 

Table tV 



25 



30 



"-Composition, % — 


0 


?y' at 30 


' c - 


Ex. 


Polyamide 


EVOH 


Mica 


80% 
RH 


90% 
RH 


ca.97% 
RH 


C 10 
C 11 
50 


0 

15 
57 


100 
85 
30 


0 
0 

13 


0,07 
0.12 
0.14 


0.19 
0.22 
0.17 


1.60 
1.08 
0.44 



1 . cc-mm/m2-24hr-atm 



35 



Claims 



an amount sufficient to provide melt processabihty. ^^^^^^ 55 3bout 

weight percent. nniv/^mide is oresent in an amount of about 60 to about 

temperature Of about 100* C to about 165 C. 
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7 The blend of any one of Claims t to 6 wherein the amorphous poiyamide is selected from the group 
consisting of hexamethylenediamine isophthatamide/ terephthalamrde copolymer having 
isophthatamide-terephthalamide moiety ratios of 100;0 to 60.40; mixtures of 2.2.4- and 2.4.4-trimethylhex. 
amethylenediamine terephthalamide: and copolymers of hexamethyiene diamine and 2-methylpen- 
5 tamethylenediamine with iso- or terephthafic acids, or mixtures of iso-and terephthalic ac:ds. 

a The blend of claim 7 wherein the amorphous potyamide is a copolymer of hexamethylenediamine. 2- 
methylpentamethylenediamine and iso- and terephthalic acids having .sophthaiic terephthalic moiety ratios 
of 100/0 to 15/85. 

9. The biend of claim 8 wherein the amorphous poiyamide is present in an amount of aoout 60 to about 
10 75 weight percent, and the ethylene vinyl alcohol copolymer is present in an amount of about 25 to about 

40 weight percent. 

10. The blend of claim 2 wherein the ethylene vinyl alcohol copolymer has a copolymenzed ethylene 
content of about 25 to about 40 mole percent. 

11. The blend of claim 10 wherein the degree of saponification of the ethylene vinyl alcohol copolymer 
;5 is at (east about 95'-'o. 

12 The blend of any one of Claims l to 11 further comprising up to about 23 percent of a laminar tiiier 
having particles at least about 95% of which are less than 74 micrometers in diameter, and which have a 
platelet-like shape with an aspect ratio of about 10 to about 150, 

13. The blend of claim 12 wherein the laminar filler is mica. 
20 14. A film made from the blend of any one of Claims 1 to 13. 

15. A laminate comprising at least one layer of substantially uniform composition consisting essentially 
of an amorphous poiyamide having a glass transition temperature of about 90 C to about 200 C: and at 
least one layer of substantially uniform composition consisting essentially of a vinyl alcohol polymer having 
a copolymerized ethylene content of 0 to about 60 mole percent and a degree of saponification of at least 

25 about 90 percent; wherein said laminate comprises about 5-50 we.ght percent said ethylene vmyl alcohol 
copolymer and about 50-95 weight percent said amorphous poiyamide. based on the total of said vmyl 
alcohol polymer and said amorphous poiyamide, 

16. The laminate of claim 15 wherein the amorphous poiyamide Is selected from the group consisting of 
hexamethylenediamine isophthalamide.terephthalamide copolymer having isophthalic terephthalic moiety 

30 ratios of 100/0 to 60/40: mixtures of 2,2.4- and 2,4.4-trimethylhexamethylenediamine terephthalamide: and 
copolymers of hexamethylenediamine and 2-methylpentamethylenediamine with iso- or terephthalic acids, 
or mixtures of iso-and terephthalic acids. 

17. A laminate comprising at least f.vo layers, wherein each of said two layers is of substantially uniform 
composition and consists essentially of a blend of an amorphous poiyamide having a glass transition 

35 temperature of about 90* C to about 200 * C and a vmyl alcohol polymer having a ccpotymenzea ethylene 
content of 0 to about 60 mole percent and a degree of saponification of at least about 90 wherein the 
ratios of the amorphous poiyamide to the ethylene vinyl alcohol copolymer differ in the two layers: and 
wherein said laminate comprises about 5-50 weight percent said vinyl alcohol polymer and about 50-95 
weight percent said amorphous nylon, based on the total of said vinyl alcohol polymer and said amorphous 

-to nylon. 

18. A container prepared from the blend of any one of Claims 1 to 14. 

19. A container prepared from the laminate of any one of Claims 15 to 17. 

20. A laminate comprising at least one layer made from the blend of any one of Claims 1 to 14. 

^5 
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